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Reference to any ordinary textbook of neurology or ophthalmology probably shows that one of the early signs of a pituitary tumour is bitemporal hemianopia, which is caused by compression of the optic chiasma, but surely such a field defect cannot seriously be regarded as an early sign? It may also show that primary optic atrophy is another fairly early physical sign. Apart from this being an objectionable term, because the optic atrophy is certainly not a primary affection of the optic nerve but is secondary to compression, be it direct or due to ischimia by obstruction of the blood vessels supplying the optic chiasma, it can scarcely be regarded as an early phenomenon.
Rarely is reference made to the early subjective ocular symptoms, i.e. the visual symptoms which may prompt the patient to seek medical advice, especially those which may arise in the early stages of compression of the chiasma. This is an unfortunate omission, for in the diagnosis of disease we must first have a patient and usually one with a symptom. Moreover, although other symptoms such as headache and those of endocrine disturbance may be present in the early stages, this is not invariably so, and in any case such symptoms may not sufficiently inconvenience the patient to cause him to seek medical advice. Thus, more often than not, the initial diagnosis of a pituitary tumour depends entirely on the ocular symptoms and signs.
The earlier the diagnosis is made, and the earlier the correct treatment is carried out, the better the prognosis; hence it is vitally important for the clinician to be familiar with the early visual symptoms. It is also important to realize that signs of chiasmal compression, in the absence of symptoms, may be discovered on routine examination of the visual fields.
As a result of examining the hospital records of a number of cases of pituitary tumour we have been impressed by the fact that defects in the visual fields are usually advanced before they are diagnosed. This is partly due to patients being unaware of their field defects but partly, and substantially, because few opthalmologists are sufficiently 'fieldconscious' and many fail to make an adequate examination of the visual fields, even when a patient's complaints indicate that such is desirable. In this connexion Falconer (1946) stated, in relation to the diagnosis of pituitary tumours, 'the important lesson which this study of case histories teaches is that every patient who-complains of failing vision for which no adequate cause can be found in the eyeball should have his visual fields carefully tested. This examination is often incomplete, unless it is carried out on a Bjerrum's screen as well as on a perimeter. Only by a complete examination will we recognize many of the cases of pituitary tumour that are at present being overlooked'. He even stated that in the first instance 'probably less than one-fifth of these cases [of pituitary tumour] are diagnosed correctly. This is unfortunate, for in perhaps no other group of intracranial tumours are the results of treatment when carried out in the early stages so gratifying nor in the later stages so forbidding.'
No examination of visual function is complete unless the visual fields are explored. If, however, such examination, as a routine, is a council of perfection only, it should at least be undertaken wherever the history or the subjective examination of the visual acuity suggests that a field defect may be present, or where other symptoms, such as headache or symptoms of endocrine disturbance, might be caused by an intracranial lesion which might involve the visual pathways.
A point which is rarely made in the diagnosis of pituitary tumour is that where the field loss is of the bitemporal non-scotomatous type patients often do not complain of the defect as such, presumably because of its slow, and symmetrical, progress. And when such field defects do give rise to symptoms they may be due to the consequences 'B of the defect, e.g. 'a tendency to bump into people' rather than actual complaint of 'loss of side vision'. In fact, in many instances, defective vision is only seriously noticed by the patient when the blind area has become so advanced that it involves the macular portion and causes a defect of visual acuity in one or other eye. On the other hand intelligent questioning of a patient who complains of defective vision may yield information suggestive of a defect in the visual fields.
It is hardly credible that the woman whose visual field defect was as shown in Fig 1, merely complained of a vague difficulty in seeing to get about and difficulty with sewing and reading. It is more incredible still that she was actually seen by more than one ophthalmic practitioner and for some obscure reason had been diagnosed as a case of hysterical amblyopia! A symptom that sometimes occurs where there is gross bitemporal loss of field is that of occasional diplopia, horizontal in nature, and due to an intermittent and slight divergence of the visual axes, the underlying cause of which (in the presence of a slight degree of exophoria) is, I suggest, the reduction, or in some cases the actual loss, of the area of 'field overlap' common to the two eyes ( Fig 2) . I have seen 4 patients in whom occasional diplopia was the presenting symptom, the most recent being Case 1. Case 1 A 38-year-old clergyman whose chief complaint was seeing two rows of lamp posts and two roads side by side when driving his car, especially at night. When reading, he was sometimes aware of seeing 'more letters in a word than there actually were', or 'more numbers (e.g. 20 might look like 2020)'. ( Fig 2) He had no complaint relating directly to the field loss and, although he did not complain of headaches, on direct questioning he admitted having had headaches for many years, but they had been worse for the last six months and had sometimes occurred when waking up in the morning.
When he was reading down the test types it was obvious that he had a bitemporal field defect, because he failed to read the letters on the right side of the chart when reading with his right eye and he missed out those on the left side of the chart when reading with his left eye. V.A. 6/9 and N5 in each eye.
Examination of the visual fields showed an almost complete bitemporal hemianopia with the retention of a very small central portion of field common to the two eyes (Fig 3) Case 2 A man of 24 was referred to MrS J H Miller as a case of divergent strabismus of the left eye. The patient had first noticed impaired vision of the left eye four years previously. His left eye was turning out at times and he frequently saw double (horizontal diplopia). His visual fields showed an almost complete bitemporal field loss with a gross defect of central visual acuity of the left eye ( Fig 4) . A large chromophobe adenoma was removed. Some improvement occurred in his visual fields.
In neither of these patients was there any sign of ocular palsy or of any defect of ocular movement. This so-called 'non-paretic diplopia' associated with defects in both temporal fields has been described by Beckman & Kubie (1929) who stated that three conditions were necessary for its occurrence: a heteronymous field defect, reduction of the acuity at the macula to less than that of the adjacent normal halves of the retine, and the power to project the images accurately, the patient attempting to fix eccentrically. Others, notably Chamlin et al. (1955) have come to similar con-Fig5 MissB N L.E. 6/60 and N1O unimproved. White 10/2,000 and 2/2,000; red and green 20/2,000 confused in temporal halfoffield. L. pupil less active than R. R. 6/9; 5/330 and 10/330 white. R.+L. B=binocularpart oftotalfield clusions. But the validity of this theory is open to question, for in Case 1, and in other instances also, the central visual acuity of each eye was practically normal.
By contrast, where visual field defects are of the scotomatous type the patient usually presents with the complaint that the vision of one or other eye is defective (unless as rarely happens, both fields are symmetrically affected). Careful examination of the visual fields is essential in order to make a diagnosis of the site of the lesion. Case 3 Miss B N, aged 21, complained of defective vision in her left eye. She had been referred to an optician who had reported 'Vision R.E. 6/6, L.E. 6/9 partly. A visual field check returned a normal condition'. On examination, one week later: vision R.E. 6/5 and N5, L.E. 6/60, and NIO unimproved. The direct reaction of the left pupil to light was sluggish as compared with that of the right pupil.
Visual field examination showed a paracentral temporal scotoma in the left central field ( Fig 5) . R.E. 6/5 and N5. White 10/2,000 and 2/2,000; red andgreen 5/2,000, confused in temporal halfoffield There was no defect in the peripheral field of either eye for white test objects but there was a gross defect for colours in the temporal halves of both fields. This clinical fact left no doubt that there was a chiasmal lesion, in spite of there being no enlargement of the sella on radiological examination. Nor did the encephalogram or the bilateral carotid arteriogram show any abnormality.
At operation Mr Wylie McKissock found and removed a cyst of the pituitary causing an upward displacement of the left optic nerve. One month later the visual acuity of her left eye had improved to 6/5 and N5, and the scotoma had disappeared. Case 4 Mr W W, aged 40. A somewhat similar type of paracentral scotoma occurred in this patient who had -+3 00 add=J.2; 5/330, no scotoma lost the sight of his right eye, due to what he had been told four years previously was inflammation of the optic nerve. His previous notes recorded that he had had a paracentral upper temporal scotoma in the right visual field ( Fig 6) and that, following a negative radiological examination of the skull, a diagnosis of retrobulbar optic neuritis had been made. The sight of the right eye had subsequently gradually deteriorated until it had become blind. When I saw the patient for the first time he was merely complaining of headaches which he had had for the last two years and which were becoming more severe. No visual complaint regarding left eye, V.A. L. 6/5 and N5; right eye quite blind. Right optic disc showed advanced optic atrophy. Left optic disc appeared normal. However, on examination of the left visual field it was obvious that there were (1) two small absolute scotomata in the upper temporal quadrant and (2) a peripheral depression in the upper temporal quadrant (Fig 7) . X-ray of the skull showed a gross excavation of the sella and a chromophobe adenoma was removed at operation. The defects in the left visual field subsequently disappeared. Case 5 Mr H H L, aged 50. In this case also scotomatous defects in the fields were overlooked. The patient had complained of some loss of vision and had several times had his glasses changed without any relief of symptoms. His visual field defect consisted of a bitemporal paracentral scotoma (Fig 8) . He had an enlarged sella turcica due to a pituitary tumour. This was satisfactorily treated by radiotherapy, with the complete disappearance of the field defect (Fig 9) .
R. 6/18; c+I 00=6/9; c+3 00 add =J.2; 5/330, no scotoma R.
.0" . \S in central part of the binocular field: e.g. difficulty in focusing, difficulty in judging position and distance, diplopia.
(2) SCOTOMATOUS DEFECT (usually unilateral at first) Table 1 is an attempt to classify the ocular symptoms caused by visual field defects in pituitary tumours.
Defective vision noticed
Ocular palsy, especially of the III cerebral nerve, may sometimes be caused by the lateral expansion of a pituitary tumour, and in some cases, the resulting diplopia may be the presenting symptom, as in Case 6. Case 6 Miss B P, aged 48, for several weeks had had double vision of a horizontal type when looking to the right, and also pain around the left eye. She had a partial left III cerebral nerve palsy with slight left ptosis and defective adduction, and some defect of elevation and depression (and slight intorsion on depression) (Fig 10) . There also appeared to be a lesion of the left ocular sympathetic, because the left pupil was slightly smaller than the right. No defect in visual fields.
Although the sella turcica was of normal size, radiological examination of the skull showed erosion of the inferior aspect of the lesser wing of the sphenoid and erosion of the left anterior clinoid process and floor of the left optic canal. A left carotid arteriogram showed no abnormality. Mr Murray Falconer, to whom I referred this case, thought that in view of the normal arteriogram there was probably a lateral extension of a chromophobe pituitary adenoma. This proved to be correct. After operation there was considerable improvement in her eye movements (Fig 11) .
Mr Clover will present some facts about the visual symptoms and signs in a series of cases of pituitary tumour, seen and treated at the National Hospital, Queen Square, and some at King's College Hospital. For permission to refer to these cases we are indebted to the physicians and surgeons at the National Hospital, and especially to Dr S P Meadows, Mr Harvey Jackson and Mr Wyllie McKissock. Also Mr Murray Falconer of the Guy's Maudsley Neurosurgical Unit to whom our cases were referred from King's College Hospital.
Mr Peter Clover
The clinical records of 100 cases of proven pituitary tumour have been examined. They are the records of patients who have been submitted to operation at the National Hospital, with the exception of 4 which were referred from King's College Hospital to Mr Murray Falconer at the Neurosurgical unit of the Maudsley Hospital. Some, but not all, of these patients we have seen ourselves.
The notes were obtained in a consecutive series from the Hospital files, and were rejected only if no histological examination of the tumour had been made. This mode of selection avoids a tendency to an unduly high incidence of ocular symptoms which might be expected if the cases had all been collected from the ophthalmic departments. On the other hand, since marked visual defect is one of the most important indications for surgery in patients with pituitary tumours it would be surprising if there were not a very high proportion of such defects in this series. Chamlin et al. (1955) studied a large number of patients with pituitary tumours, including in the series cases in which a firm clinical diagnosis had been made, though not necessarily a histological examination. Comparison with this series shows that the results of our analysis are very similar.
The histological classification of our cases was as follows: 74 chromophobe adenomata, 20 mixed cell adenomata, 6 eosinophil adenomata. Fig 1 shows the age incidence of the onset of the illness from the patient's point of view. It is apparent that the onset of symptoms occurs most often at an age when presbyopic changes would be expected. The early signs of pituitary tumour are often misinterpreted as those of presbyopia. 56 of the patients were men, and 44 women.
Endocrine and metabolic changes may long precede other symptoms (Jefferson 1957 ) but perhaps partly because of their insidious onset and long duration, and partly because they do not cause much inconvenience, they are not as a rule the symptoms which the patient regards as marking the beginning of his illness, or which cause him to seek help. Table 1 shows the symptoms which first caused the patient to see a doctor. In 94 of these cases the symptoms were such that the patient would probably go or be referred to an ophthalmologist, or more likely an optician. Table 2 shows thefirst symptoms noticed by the patient; that is, those that were regarded by him as the start of his malady. Note that there is a large preponderance of symptoms which suggest an ocular origin. Clearly it is to those engaged in the examination of the patient's sight that the first opportunity for diagnosis is usually offered. Fig 2 shows the interval between the onset of symptoms and operation. This is not the same as the interval between the onset of symptoms and diagnosis, for surgical treatment may be deliberately delayed for medical or domestic reasons; or it may be due to fear, or due to neglect on the patient's part. One of the patients in this series waited for ten years before consenting to operation; another young man who had a bitemporal hemianopia when he was first seen at another hospital failed to reattend for nine years. But in many cases the delay was due to incorrect diagnosis at the patient's first visit. Table 4 Analysis of the field defects 79% Hemianopic type of defect, affecting the periphery ofthe field 1 % Paracentral hemianopic scotoma; periphery of field not affected 1 % Arcuate type of defect 2% Unilateral central scotoma indicating optic nerve compresion 2% Testing impossible 1 % No field defect dqmonstrated Two ofthese cases showed homonymous visual field defects; in 9 defects were found by the quantitative use ofred targets and in 4 these were the only visual field defects to be found Table 3 shows the initial diagnoses made in 30 cases. (These were the only cases in which the initial diagnosis was recorded.) Visual Field Defects Undoubtedly the ocular signs of greatest importance to the ophthalmologist are the visual field defects. These were present in all but 3 of our cases, and 1 of these patients was not conscious at examination. However, it has to be remembered that these patients were all candidates for operation.
An approximate analysis of the visual field defects is presented in Table 4 .
The spread of the tumour may lead to the selective involvement of the optic tract or the optic nerve, and this accounts for the homonymous defects and the unilateral scotomata respectively.
The frequency with which resort to the use of coloured targets has been rewarded is noted. In 4 cases no visual field defect at all would have been demonstrated without their use.
At least 6 of our patients had noticed nothing wrong at all until the defect was demonstrated to them on routine testing for glasses.
Twenty-eight were conscious of the existence of some disability because of the consequences of the visual field defect. For instance 3 patients had noticed that they failed to see the ball in certain positions while playing tennis; a barmaid found that she could not see the bottles which stood on the left of the one she was regarding; a motorist failed to see a cyclist approaching from his right, and nearly collided with him. Many first appreciated a defect in the vision of one eye when the other was temporarily shut because of a subtarsal foreign body.
The consequences may, however, be less obvious; a patient with an homonymous scotoma noticed that when reading she frequently lost the right line; several patients suffered from nonparetic diplopia which has already been mentioned by Mr Lyle. Many of the remainder were conscious of the visual field defect as such. They noticed a sensation of looking through dirty glass, or through mist in the affected region of the visual field.
An insidious onset and a slow unremitting progression of the defect is not invariable. In 4 of our cases the onset was sudden. One patient noticed a scotoma on waking, another noticed its sudden appearance whilst out walking; one girl found the visual acuity reduced within four days to the ability to perceive light.
In 1915 Cushing & Walker had noted the occurrence 'ofperiods of lowered visual acuity and contracted peripheral field from which recovery occurred followed by the failure of vision later', and attributed these to changes in the tension of the growth due to cedema or increased vascularity. Four of our cases were noted as showing spontaneous improvement of vision of this sort. Another 4 cases showed sudden deterioration of visual field defects which followed attacks of severe headache. (Two of the cases showed the other signs of pituitary apoplexy.) MF (a patient not included in this series), a woman of 37, had noticed a film over the right side of her vision for three weeks. She attended an optician's-shop where the refractionist was unable to improve her visual acuity beyond 6/12 in each eye, and she was referred to Mr R P Crick at the Royal Eye Hospital. Here she gave a further history that five years previously, immediately after the birth of her last child, the sight in the left eye was very poor for a few hours but recovered within the day. Examination of the visual fields showed bitemporal hemianopic scotomata, and subsequently the presence of a chromophobe adenoma was confirmed.
This case shows not only the transience of the field defect, but its occurrence in association with the patient's pregnancy and delivery. These rapid changes in field defects may be held to support a mistaken diagnosis of optic neuritis, especially where the field defect is unilateral, or its bilateral nature is not appreciated.
Ophthalmoscopic Changes
The most important ophthalmoscopic change is pathological pallor of the disc which was recorded in 56 % of cases; there is little doubt that this is a generous estimate. The absence of this change is a finding which cannot carry much weight in excluding the presence of a pituitary tumour.
Other changes at the nerve head: One disc was noted as swollen with indistinct edges. Another case showed a thrombosis of the inferior temporal vein. A third showed an attenuated branch of the superior temporal retinal artery. These last two changes distracted attention from the signs of pituitary tumour for some months.
Diplopia
Diplopia was recorded in 20 cases. Those classified as 'non-paretic diplopia' are those in which no impairment of the actions of the extrinsic ocular muscles was demonstrated clinically, or could be deduced from the history.
Diplopia was thought to be paretic in 5 patients, doubtful in 2 and non-paretic in 13.
Two of the paretic cases occurred in attacks of pituitary apoplexy. One of these showed a complete right ophthalmoplegia and a left VI nerve palsy, and the other a partial III nerve palsy. Two of the remaining cases showed partial III and IV nerve lesions, and the other case a VI nerve lesion.
Changes in the Reaction of-the Pupils These occurred in 20 cases. In 18 patients they were attributable to the visual field defect. Of the remainder, one was abnormal because of a previous inflammatory disease; the other showed absent reaction to light, and a slightly impaired reaction to convergence. Later this patient developed an homonymous scotoma. This is mentioned because similar cases have been reported by Moore (1925) , LeFever (1935) and Chamlin et al. (1955) in association with tumours in the region of the third ventricle. Headache is not strictly an ocular symptom, but it comes within the ophthalmologist's purview. In this series it was absent in 53 patients. It is worth noting that in only 2 of those cases in which it did occur did the nature of the headache suggest an ocular origin.
Pains and Aching Round the Eye Thirteen patients complained of this symptom. Two at least were clearly due to neuralgia of the V cerebral nerve.
An examination of the reports on the radiological examination of the skull showed that in four of these cases no abnormality was present.
The material available did not permit an accurate assessment of the changes in visual acuity in patients with pituitary tumours. The ophthalmologist's concern with pituitary tumours is largely confined to the two types which cause visual symptoms, namely the chromophobe and chromophil adenomata. Both types, by erupting upwards from the sella, can compress the optic nerves and chiasma and cause the characteristic field defects and loss of acuity which have been described. Visual symptoms are the surgeon's chief concern too, because failure of vision is the common indication for surgical treatment of these tumours.
We speak of chromophobe and chromophil adenomata because generally the predominant cell type of the the tumour produces a characteristic clinical picture. The chromophil tumours cause acromegaly in greater or less degree and the chromophobe tumours produce varying degrees of hypopituitarism; loss of body hair, amenorrhma, impotence, lack of energy, &c. But this is not always so: sometimes a chromophobe tumour will cause enlargement of the sella and a chiasmal lesion with no symptoms or signs of hypopituitarism. And sometimes there is a mixture of the features of acromegaly and hypopituitarism, and in these the tumour is best described as a mixed cell adenoma.
Most pituitary tumours grow very slowly. It is common knowledge, for instance, how easily acromegaly can slip up on one, unnoticed by the patient or those who see him every day. I saw a doctor recently whom I had not seen for about twenty years. I remembered him as a rather heavyfeatured young man, but he is now a well-marked acromegalic. He has no symptoms and the change in his appearance has been so gradual that his family and his partner had not noticed it. I have no doubt that he has had a cbromophil tumour for at least twenty years, and even after that time it has done nothing more than produce a very gradual alteration in his appearance. Similarly, it is very common to see a middle-aged person with a chromophobe adenoma who on enquiry will be found to have symptoms of hypopituitarism dating back to adolescence or early adult life. In some cases, the length of the history is such that we may be misled into thinking that we are dealing with a congenital tumour such as a craniopharyngioma. Or indeed we might wonder whether pituitary adenomata are themselves congenital tumours.
Not all pituitary tumours grow so slowly of course. There are some which grow very rapidly and recur quickly after operation. Some of these are carcinomata, and they have distinctive histological features. Some adenomata develop cysts, and others are prone to heemorrhage, both processes leading to a rapid expansion of the tumour.
Another feature which interests me is the difference in the growth pattern of chromophobe and chromophil adenomata in relation to the sella turcica, and the optic nerves and chiasma. The chromophobe tumours expand the sella and project upwards to compress the optic nerves and chiasma very readily, but the chromophobe tumours may produce gross enlargement of the sella without any visual disturbance at all. The fact of the chromophil tumour being confined within the sella is, I think, responsible for a common symptom in acromegaly, namely severe bitemporal headache. This can be very distressing at times, and one acromegalic (R.I. 7976/43) was admitted as an emergency because of it. It had come on two or three days after a dental extraction, and he was obviously in very severe pain when he came into hospital. He described it as a hammering between the temples, and there was a good deal of vomiting. There was no field defect or loss of acuity, the fundi were normal, as was the spinal fluid pressure, and so we assumed that the headache was not due to increased intracranial pressure. This kind of bitemporal headache in acromegaly usually responds dramatically to X-ray treatment, but while we were arranging for this, the headache suddenly ceased. I saw him about an hour later and found a well man, obviously relieved, but he noticed that something had happened to his vision and he now had a defect in both temporal fields. It would seem likely that the tumour had ruptured through the dia-
